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MANUFACTURING METHOD CAPABLE OF
PREVENTING CORROSION AND
CONTAMINATION OF MOS GATE

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a manufacturing method
capable of preventing the corrosion and contamination of a
MOS gate. More particularly, the present invention relates to
a manufacturing method that uses a rapid thermal process to
form a protective oxide layer over part of the MOS gate
capable of preventing corrosion and contamination during
subsequent etching operations.

2. Description of Related Art

Metal-oxide-semiconductor (MOS) transistor 1s an impor-
tant semiconductor device 1n an integrated circuit. The MOS
transistor acts like a switch that can be switched ON or OFF
through 1ts gate. Since the gate 1s a major component in the
operation of the MOS device, any deviation 1n the gate’s
voltage sensifivity can lead to serious control problems.

FIGS. 1A through 1C are schematic, cross-sectional views
showing the progression of manufacturing steps according
to a conventional method of producing a MOS device. First,
as shown 1n FIG. 1A, a gate oxade layer 12 1s formed over
a silicon substrate 10. Then, a polysilicon layer 13 1s
deposited over the gate oxide layer 12. Next, a barrier layer
14 1s formed over the polysilicon layer 13. The barrier layer
14 can be used to prevent the cross-diffusion of different
type 10ns 1nside the polysilicon layer 13. For example, 1n a
dual gate MOS ftransistor, the P-type 1ons in the P-type gate
and the N-type 10ns 1n the N-type gate can diffuse 1nto each
other. Thereafter, a silicide layer 15 and then a cap layer 16
are deposited 1in sequence over the barrier layer 14.

Next, as shown 1n FIG. 1B, photolithographic and etching
operations are conducted to pattern a gate region.
Subsequently, using the cap layer 16 as a mask, a first 1on
implantation 1s carried out, implanting ions into the substrate
to form lightly doped source/drain regions 17.

Thereatter, as shown in FIG. 1C, spacers 18 are formed on
the sidewalls of the gate. Finally, using the gate and the
spacers 18 as masks, a second 10n 1mplantation 1s carried out
implanting 1ons into the substrate again to form heavily
doped source/drain regions 11.

In general, the barrier layer 14 1s formed using titanium
material such as titanium nitride. However, titanium nitride
1s vulnerable to acid attack in subsequent operation when-
ever the gate sidewall 1s exposed, thereby easily contami-
nating manufacturing stations. FIG. 2 1s a cross-sectional
view 1ndicating the position of corrosion 19 on the sidewalls
of a barrier layer in a MOS gate.

In light of the foregoing, there 1s a need to improve the
method for manufacturing MOS gate.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method for
manufacturing MOS gate capable of preventing acid corro-
sion and station contamination through the exposure of its
barrier layer. The method includes performing a rapid ther-
mal treatment to form a protective oxide layer over the
barrier layer.

To achieve these and other advantages and 1n accordance
with the purpose of the invention, as embodied and broadly
described herein, the invention provides a method for manu-
facturing a MOS gate capable of preventing acid corrosion
and station contamination. The manufacturing method
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includes the steps of sequentially forming a polysilicon
layer, a barrier layer, a silicide layer and a cap layer over a
silicon substrate, and then etching to form a gate structure.
Next, a rapid thermal process 1s carried out to form an oxide
layer over the exposed sidewalls of the barrier layer. Finally,
the substrate 1s cleaned following by the formation of a
source/drain region having a lightly doped drain structure on
cach side of the gate.

It 1s to be understood that both the foregoing general
description and the following detailed description are
exemplary, and are mtended to provide further explanation
of the mnvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the mvention and, together with
the description, serve to explain the principles of the inven-
tion. In the drawings,

FIGS. 1A through 1C are schematic, cross-sectional views
showing the progression of manufacturing steps according
to a conventional method of producing a MOS device;

FIG. 2 1s a schematic, cross-sectional view indicating the
position of corrosion on the sidewalls of a barrier layer 1in a

MOS gate;

FIGS. 3A through 3C are schematic, cross-sectional views
showing the progression of manufacturing steps for fabri-
cating a MOS device according to the preferred embodiment
of this mmvention; and

FIG. 4 1s a flow chart showing the steps 1n manufacturing,
a MOS device according to this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made 1n detail to the present
preferred embodiments of the invention, examples of which
are 1llustrated 1n the accompanying drawings. Wherever
possible, the same reference numbers are used 1n the draw-
ings and the description to refer to the same or like parts.

FIGS. 3A through 3C are schematic, cross-sectional views
showing the progression of manufacturing steps for fabri-
cating a MOS device according to the preferred embodiment
of this invention. FIG. 4 1s a flow chart showing the steps in
manufacturing a MOS device according to this invention.

First, as shown 1n FIGS. 3A and 4, a gate oxide layer 22
having a thickness of between about 20 A t0 300 A is formed
over a silicon substrate 20. The gate oxide layer 22 can be
directly grown over the substrate 20 using a thermal oxida-
tion method. Then, a polysilicon layer 23 having a thickness
of between about 1000 A to 2000 A 1s formed over the gate
oxide layer 22. The polysilicon layer 23 can be formed using
a chemical vapor deposition (CVD) method. Next, a barrier
layer 24 1s formed over the polysilicon layer 23 using, for
example, a chemical vapor deposition (CVD) method. The
barrier layer 24 can be used to prevent the cross-diffusion of
different type 1ons inside the polysilicon layer 23. For
example, 1n a dual gate MOS transistor, the P-type 10ns in
the P-type gate and the N-type 1ons in the N-type gate can
diffuse 1nto each other. In general, there 1s no restriction as
to the thickness of the barrier layer 24 as long as cross-
diftusion of 10ns can be prevented. Normally, a barrier layer
having a thickness of between about 50 A to 100 A is
sufficient. Thereafter, a silicide layer 25 having a thickness
of between about 300 A to 1500 A is formed over the barrier
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layer 24. Then, a cap layer 26 that 1s slightly thicker than the
silicide layer 25 are deposited over the silicide layer 25. The
silicide layer 25 can be a titanium silicide layer, or a tungsten
silicide layer, or a molybdenum silicide layer formed using
a physical vapor deposition (PVD) such as a sputtering
method or a chemical vapor deposition (CVD) method. The
cap layer 26 can be a silicon nitride layer formed similarly
using a chemical vapor deposition (CVD) method.

Next, as shown 1n FIGS. 3B and 4, photolithographic and
ctching operations are conducted to pattern a gate structure
30. Thereafter, the MOS device undergoes a rapid thermal
processing (RTP) operation. The RTP is carried out in an
oxygen-iilled atmosphere. The substrate 20 1s heated to a
temperature of between about 400° C. to 850° C. and
remains there for about 10 to 60 seconds. Consequently, thin
oxide layers 28 having a thickness of between about 50 A to
150 A are formed on the sidewalls of the exposed barrier
layer 24. If the barrier layer 1s a titanium nitride layer, then
the thin oxide layer 1s a titanium oxide layer with the
composition (Ti—N—~O). Since the barrier layer has an
overall width of about 0.25 um, the thickness of the thin
oxide layer 1s relatively small. Hence, conductivity of the
MOS gate 1s little affected by the formation of the thin oxide
layers 28. Subsequently, using the cap layer 26 as a mask, a
first 10n 1mplantation 1s carried out, implanting 1ons 1nto the
substrate 20 on each side of the gate structure 30 to form
lightly doped source/drain regions 27. After that, unwanted
thin polymer layer over the substrate 20 formed 1n previous
deposition operations 1s removed through an etch-cleaning
operation. The thin oxide layers 28 on the sidewalls of the
barrier layer 24 serves as a barrier blocking any contami-
nants from leaving through acid corrosion.

Next, as shown in FIGS. 3C and 4, a thick oxide layer (not
shown) is deposited over the substrate 20 and the gate
structure 30. Then, the thick oxide layer is etched back to
form spacers 29 on the sidewalls of the gate structure 30.
Finally, using the gate and the spacers 29 as a mask, a second
lon 1mplantation i1s carried out, implanting 1ons into the
substrate again to form heavily doped source/drain regions
21. The lightly doped source/drain regions 27 and the
heavily doped source/drain region 21 together constitute a
lightly doped drain (LDD) structure. In the aforementioned
illustration, 10on implantation 1s conducted twice to form the
LDD structure. However, 1f the LDD structure 1s not
required, then just one 1mplantation 1s needed to form the
source/drain region. In that case, the RTP operation can be
carried out before the single 10on 1mplantation.

In summary, the invention employs a rapid thermal pro-
cessing operation to form an oxide layer over the exposed
sidewalls of the barrier layer. The thin oxide layer does not
cause any observable increase in MOS gate conductivity
because 1t occupies only a tiny fraction of area at the
periphery of the barrier layer. Nevertheless, the thin oxide
layer 1s capable of protecting the barrier layer against acid
corrosion during subsequent etching operations.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present mnvention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. A method for manufacturing a MOS gate wherein
corrosion and contamination are prevented, comprising:

providing a silicon substrate;
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forming a gate oxide layer over the substrate;
forming a polysilicon layer over the gate oxide layer;
forming a barrier layer over the polysilicon layer;

forming a suicide layer over the barrier layer;
forming a cap layer over the silicide layer;

ctching the cap layer, the silicide layer, the barrier layer,
the polysilicon layer and the gate oxide layer to form a
gate structure,

performing a rapid thermal process to form a titanium
nitride oxide layer on side walls of the barrier layer;

performing a first 1on doping, which 1s used to form a
lightly doped region 1n the substrate; and

performing a cleaning operation of the substrate.

2. The method of claim 1, wherein the step of forming the
barrier layer includes depositing titanium nitride.

3. The method of claim 1, wherein the step of performing
the rapid thermal process mcludes heating to a temperature
of between about 400° C. to 850° C.

4. The method of claim 1, wherein the step of performing,
the rapid thermal process includes carrying out the rapid
thermal process for about 10 to 60 seconds.

5. The method of claim 1, wherein the step of forming the
silicide layer includes depositing tungsten silicide.

6. The method of claim 1, wherein the titanium nitride
oxide layer has a thickness of between about 50 Ato 150 A.

7. The method of claim 2, wherein the titanium nitride
oxide layer has a thickness of between about 50 A to 150 A.

8. The method of claim 1 further including after perform-
ing the cleaning operation of the substrate:

forming a spacer on a sidewall of the gate structure; and

performing a second 10n doping, which 1s used to form a
heavily doped source/drain region 1n the substrate.
9. A method for preventing corrosion of a gate structure
during manufacture, comprising;:

providing a silicon substrate;

forming a gate structure on the substrate, wherein the gate
structure includes a gate oxide layer over the substrate,
a polysilicon layer over the gate oxide layer, a titanium
nitride layer over the polysilicon layer, a silicide layer
over the titanium nitride layer, and a cap layer over the
silicide layer;

forming a titanium nitride oxide film on an exposed
side-wall of the titantum nitride layer by way of a rapid
thermal process, the titantum nitride oxide film serving
as a barrier for preventing acid corrosion during sub-
sequent etching operations;

forming a lightly doped region in the substrate; and

performing a cleaning process on the substrate.
10. The method of claim 9 further including after per-
forming a cleaning process on the substrate:

forming a spacer on a side-wall of the gate structure; and

forming a heavily doped source/drain region in the sub-

strate.

11. The method of claim 9, wherein the rapid thermal
process comprises heating to a temperature of between about
400° C.—850° C.

12. The method of claim 9, wherein the rapid thermal
process 1s carried out for about 10-60 seconds.

13. A method for preventing contamination of a manu-
facturing station, comprising:

providing a silicon substrate;

forming a gate structure on the substrate, wherein the gate
structure includes a gate oxide layer over the substrate,
a polysilicon layer over the gate oxide layer, a titanium
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nitride layer over the polysilicon layer, a silicide layer
over the titanium nitride layer, and a cap layer over the
silicide layer;

forming a titantum nitride oxide film on an exposed
side-wall of the titanium nitride layer by way of a rapid
thermal process, the titanium nitride oxide film serving

as a barrier for preventing contaminants from entering,
the manufacturing station through acid corrosion;

forming a lightly doped region 1n the substrate; and

performing a cleaning process on the substrate.
14. The method of claim 13 further including after per-
forming a cleaning process on the substrate:

forming a spacer on a side-wall of the gate structure; and

forming a heavily doped source/drain region 1n the sub-
strate.

15. The method of claim 13, wherein the rapid thermal
process comprises heating to a temperature of between about
400° C.—850° C.

16. The method of claim 13, wherein the rapid thermal
process 1s carried out for about 10-60 seconds.

17. A fabrication method for a MOS gate, wherein prob-
lems of corrosion and contamination are prevented, com-
prising:
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forming a gate structure on a substrate, wherein the gate

structure comprises at least a polysilicon layer and a
titanium nitride barrier layer;

performing a rapid thermal process at a temperature of

about 400 to 850 degrees Celsius for about 10 to 60

seconds to form a titanium nitride oxide layer of about
50 to 150 angstroms thick on a sidewall of the titanium
nitride barrier layer;

forming a lightly doped region in the substrate;
forming a spacer on a sidewall of the gate structure; and

forming a heavily doped source/drain region in the sub-

strate.

18. The method of claim 9 wherein said rapid thermal
process forms a titanium nitride oxide film on the exposed
sidewall of the titantum nitride layer to a thickness in the
range about 50 to 150 angstroms.

19. The method of claim 13 wherein said rapid thermal
process forms a titanium nitride oxide film on the exposed
sidewall of the titantum nitride layer to a thickness in the
range about 50 to 150 angstroms.
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